Introduction
Extreme rainfall is one of the main causes of natural disasters, especially in flood hazards worldwide. Not surprisingly, considerable attention has been paid in recent years to the modelling of extreme rainfall to help prevent flooding hazards, and for analysing water-related structures, agriculture, and monitoring climate changes.
Taiwan is a small island in East-Asia. An average of 3.5 typhoons strike Taiwan each year, often in summer and autumn, and cause significant damage, especially in highly concentrated population and property areas. In the past few years, the Kalmaegi and Sonlaku Typhoons in 2008 and Morakot Typhoon in 2009 have brought to Taiwan many casualties and serious injuries.
Morakot Typhoon struck Taiwan from 7-9 August 2009 with abundant rainfall, reaching 2,777mm, and surpassing the historical record of Typhoon Herb, which had brought rainfall of 1,736mm [2] ). The extremely heavy rainfall triggered severe flooding (the worst in the past 50 years) and enormous mudslides throughout southern Taiwan, leading to around 700 deaths and roughly NT$110 billion in property damage ( [3] ).
More typhoons seem to have affected Taiwan after 1990 than between 1961-1989 (see [5] ), and increased sharply around 2000 (see [6] ). Such an indication of increasing frequency and intensity of rainfall means that Taiwan will face a higher probability of huge damages from extreme rainfall in the future. Thus, understanding the patterns of extreme rainfall and their future behaviour is of increasing importance to policy makers in Taiwan.
Several published papers have analysed extreme rainfall using the generalized extreme value (GEV) distribution in different parts of the world, including Canada ( [7, 8] ); Greece [9] ; India [10, 11] ; Italy [12, 13, 14] ; Malaysia [15] ; New Zealand [16] ; China [17] ; Korea [18, 19] , and West Central Florida [20] . These findings highlight the urgency to model extreme rainfall using the GEV distribution. However, there would seem to have been little or no published research that has attempted to detect extreme rainfall by using GEV. Therefore, this paper would seem to be the first application of the GEV distribution for extreme rainfall in Taiwan. We believe that such an analysis can provide a useful reference for climate change in the research of extreme rainfall. 4 
Data
The data consist of daily rainfall records for the years 1911-2010, which were provided by the Central Weather Bureau, Taiwan. Table 1 shows a statistical description of the six rainfall stations, including the station number, the longitude, the latitude, and a statistical summary of the data.
3.

Methodology
The generalized extreme value (GEV) distribution is based on the Gumbel, Fréchet and the Weibull distributions. It was developed by Jenkinson (1955) , who combined the above three distributions (see Hosking et al., 1985 , Galambos, 1987 . The cumulative distribution function (cdf) of the GEV distribution is given as:
where  , 0   and  are the location, scale and shape parameters, respectively. The case of 0   in equation (1) is defined as the Gumbel distribution:
and the sub-families defined by 0   and 0   correspond to the Fréchet family and the Weibull family, respectively.
The maximum likelihood method was used to estimate (1) and (2) for these data, and the maximization was performed using a quasi-Newton iterative algorithm. Assuming independence of the data, the likelihood function is given as the product of the assumed densities for the observations n x x ,..., , 2 1 . For the GEV 0 model, we have:
The likelihood ratio test may be used as a standard way of determining the best fitting models. In order to investigate the existence of a deterministic trend in extreme rainfall over time, we consider the following variations of Models GEV 0 and Gum 0 1 :
a four-parameter model with  allowed to vary linearly with respect to time, and "constant" means that the parameter is not time dependent but is to be estimated:
After the best models for the data have been determined, the next step is to derive the return levels for rainfall. The T-year return level, T x , is the level exceeded on average only once every T years. If Model GEV 0 is assumed, then inverting
leads to the expression:
If Model Gum 0 is assumed, then the corresponding expression is given as:
On substituting  ,ˆ and ˆ into equations (6)- (7), we have the maximum likelihood estimates of the respective return levels.
Estimated Results
All the empirical results, including the estimates and their corresponding standard errors (SE), are given in Table 2 Table 3 gives the estimates of the return level, T x , corresponding to 10, 20, 50, 100 years for the locations, where the best fitting and stationary model for the period 1960-2010 was chosen. The 95% confidence intervals for these return levels are also provided. The empirical results indicate that, given 50-year return level (for the year 2060), the return levels of daily extreme rainfall of the 7 Taipei, Taichung, Tainan and Hualien stations were all greater than 350mm, reaching a warning line of extremely torrential rainfall, as defined by the CWB in Taiwan 2 . Figure 1-3 show the contour maps of the return levels for 10, 20 and 50-years, respectively.
These contour maps can assist in determining changes in extreme rainfall in a simple manner.
5.
Conclusion
This is the first investigation to use the generalized extreme value to model extreme rainfall in Taiwan. We estimated extreme rainfall using stationary and non-stationary models for both 1910- 
